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Surge Irrigation: 1. An Overview*

Allan S. Humpherys!
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Abstract: Soil infiltration rates are generally reduced by the intermittent application of water
during surge irrigation such that this technique can be used to increase the wetting front advance i
compared to continuous flow and to control runoff. Surge flow principles related to water advance Iand infiltration in furrows are summarized. Computer models to simulate surge flow irrigation are .

noted, particularly the kinematic wave model which has become the standard for surge irrigation.
Commercial valves and controllers are available for automating surge irrigation systems. Field
test results with different soil and field conditions at a number of locations are discussed. Results I
have varied but show that the greatest effect on infiltration rates occurs during the advance phase '
on light-textured soils and during the first irrigation of the season or following tillage

Resume: Le taux d'infiltration est generalement reduit en utilisant la methode d'irrigation par
intermittence. En comparaison avec I'irrigation continue, la distance parcourue par Ie front d'eau
est plus grande avec la methode d'irrigation par intermittence. Elle permet aussi un meilleur !
contrOle du ruissellement. Les principes de I'irrigation par intermittence en relation avec Ie front
d'eau et la vitesse d'avancement de ce front sont discutes. Des modeles informatiques simulant
cette methode sont notes, en particulier Ie modele de vagues cinematiques, devenu un standard
dans Ie domaine. Des vannes et contrOles automatiques sont maintenant disponibles sur Ie
marche. Des resultats de travaux de recherche effectues sur Ie terrain pour diverses conditions et
types de sol sont discutes. Les resultats varient mais demontrent que I'effet principal de I'irrigation
par intermittence se note sur sols legers durant la phase d'avancement et pendant la premiere !
irrigation ou suite a un travail du sol. i

I,
t .f i ,...

. L'Irrigation par Intemlittence I. Une re\'Ue .(,
(Contribution from the ICID Working Group on Mechanized Irrigation of the Committee on .1P . ) t

ractlces !
1

! Agricultural Engineer, USDA - Agricultural Research Service, 3793 N, 3600 E, Kimberly, Idaho .;

83341, USA, Chairman, ICID Working Group on Mechanized Irrigation !

!,
I

Manuscript received 21 August 1989 .1',
J
I
i:

ICID BULLETIN 1989, VOL.38 NO.2 35!

!

!

!

.



.. ~
"""

Introduction

Surge irrigation is the intermittent application of water to surface irrigated furrows
or borders in a series of relatively short on and off time periods during the irrigation
which usually vary from about 20 minutes to two hours. With this technique, water
is applied intermittently rather than with a continuous stream, as in conventional
surface irrigation. The concept of "surge flow" was introduced at Utah State
University by Stringham and Keller (1979). It was originally conceived as a means
of achieving time-averaged cutback furrow stream sizes while at the same timc
maintaining a constant ficld supply stream. The authors found that intcrmittent
water applications during the irrigation advance phase gcncrally reduccd infiltration
by providing a short drainage period following wetting. This resulted in a more rapid
advance of the wetting front than with continuous flows. Thus, the difference in
intakc opportunity time between the uppcr and lowcr ends of furrows was lcss and
resulted in a more uniform distribution of water intake ovcr the length of the
furrows.

The technique can be used as originally envisioncd to achieve cutback strcam sizcs
to reduce runoff, however, it is more commonly uscd as an irrigation managcmcnt
tool. Surge flow has the potential to improve the performance, vcrsatility, and
efficiency of surface irrigation systems where conditions favor its usc.

The surge effect dcpcnds upon a number of factors such as soil tcxturc and
consolidation, prior wetting history, and duration ofthc on and off periods. Bccause
of its variability and also its potential to improve surface irrigation pcrformancc, a
coordinated regional research project in the western states of the U.S.A. was
undertaken to obtain a greater understanding of surge flow and how to best utilize
the concept. The research involved laboratory and field studies in several states and
the development of computer modcls and equipment along with design and
evaluation guidelines. The final report for this project was published as a research
bulletin by Utah State University (Stringham, 1988).

The objective of this paper is to present an overview of surge irrigation including
principles and theory, models, systems and equipment, and field experience. A
second paper (Humpherys, 1989) presents general management guidelines and how
surge can be used to improve irrigation efficiency. Surge irrigation is a new technique
and has wide potential to improve surface irrigation performance since most of the
world's 220 million ha of irrigated land is irrigated by surface methods.

Surge now principles and theory

Infiltration

The physical relationships and mechanisms by which surge flow alters soil infiltra-
tion rates are not well understood. Many studies have been conducted in an attempt
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to quantify and predict these relationships and their effects. The intake rate i
reduction phenomenon is caused by a combination of factors or mechanisms, some i
of which likely predominate under one set of conditions more than under other j,

conditions because of differences in soil properties. Mechanisms by which surge i
irrigation affects infiltration as proposed by various researchers (Blair, et al., 1984; I~

Kemper ct al., 1988; Malano, 1982; Sam ani ct al. 1985) include: (1) surface soil !
consolidation, as negative hydraulic gradients develop in the soil water during flow i
interruption; (2) filling of cracks, which form in the furrow bed when flow is !.

interrupted, by bed load when water reenters the furrows; (3) sealing of the furrow :
bed as water remaining in the furrow after each flow interruption infiltrates and (
deposits its fine sediment in large pores or as a fine seal on absorbing surfaces; (4) I
more complete disintegration of soil particles in the wetted perimeter as a result of j,
faster wetting by the advancing water front, (5) surface sealing caused by particle r

migration and reorientation; (6) hydration and expansion of clay particles; (7)
redistribution of infiltrated water in the soil profile, and (8) air entrapment.

Of these, the primary mechanisms noted most often are: (1) soil consolidation due
to negative hydraulic gradients and (2) surface sealing caused by soil particle ~

migration, reorientation, and deposition on the soil surface. Each of these factors I

independently can decrease hydraulic conductivity but when they occur simultanc- :
ously, their combined effect can intensify or increase the reduction in infiltration !
rate. Samani et al. (1985) prcscntcd data for four diffcrcnt soils which showed that I
as negative pressures were applicd to prcviously saturated loam, silty clay loam, silt
loam, and sandy loam soils, thc rcsulting incrcascs in soil bulk dcnsity were ;
accompanicd by dccrcascs in saturated hydraulic conductivity. They concludcd that :

negative hydraulic gradients which accompany intcrmittent water applications will
increase the instantaneous intakc ratc of the soil unless the soil's bulk density
increases. However, if the bulk dcnsity incrcascs during the off-time due to soil
consolidation such that the hydraulic conductivity is dccrcased cnough to more than
offset the increased hydraulic gradicnt, the effect of surge flow will be a net rcduction
in the infiltration rate. The amount of consolidation of previously wcttcd soil during
the surge off-time dcpcnds upon the magnitudc of the negative prcssurcs dcvclopcd
which in turn is influcnccd by surface scaling (Brown ct al., 1988) and by soil
properties prior to irrigation, such as soil structure, texture, bulk density, dcgree of
saturation, and organic matter. Increasing the off-time of surge flow for some
conditions and within limits, may allow grcatcr ncgative pressurcs to devclop which
can increase soil consolidation. Researchers have found that surge irrigation has its , ;

greatest effect during the first irrigation of the scason or following tillage when the
soil bulk density is low. As the soil consolidates during subscqucnt irrigations,
surging may actually incrcase the soil intake rate because of an incrcascd hydraulic
gradient during the off-time (Sam ani ct al). This can partially explain why the effects
of surge irrigation are less pronounccd in wheel track furrows than non-wheel
furrows and have either not decreased the infiltration rate or, in some cases, have
increased it on compacted soils.
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Coarse-textured sandy loam soils have shown greater intake rate reductions in
response to surging than have fine-textured soils such as silt and clay loams
(Testezlaf et al., 1987; Walker et al., 1982). Some clay and silty clay soils have shown "..,

.;,
little or no response (Bautista and Wallender, 1985; Manges et al., 1985; Pitts and '"",
F 1985) cerguson, . c"",

Advance 4~*~
A rapid furrow stream advance rate was one of the earliest observed effects of surge i~~
ir~igation ~Bishop et al., 1981; Coolidge et al., 1982; St.ringh?m and Kellcr ,1979) and '~[~Iii; thIS has since been documented by many other investIgators. Because of the ,..::;C$

reduction in infiltration rate, which typically occurs after the first surge cycle, a larger ,..',..~:~"
down-field furrow stream is available to advance the wetting front than would occur
under the higher furrow infiltration rate of a continuous stream. A vcrage advance

\
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Figure 1. Advance curves for surged and continuous furrow streams on a silt loam soil near Kimberly,
Idaho. Cumulative time for surged streams is the elapsed time minus the off-time.

curves for replicated intermittent and continuous furrow streams on a silt loam soil
near Kimberly, Idaho, are shown in Fig. 1. These are from tests conducted by the
author for two stream sizes in non-wheel track furrows during a pre plant irrigation.
The curve for surge now is plotted as a continuous curve without the off-periods and
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In represents the actual cumulative time that water was in the furrow so it can be more l

1S directly compared to the continuous curve. Typical advance curves for individual
It,rn surges in one of the furrows with elapsed time are shown in Fig. 2 along with the ;

Id continuous flow curve. As illustrated by these curves, water advanced to the ends of r

the surged furrows with the 26 L/m streams in about half the supply time as for ,

continuous flow. Or, expressed another way, twice as many furrows were wet in I:

about the same elapsed clock time and with approximately the same volume of water
1\

as with constant size streams. The effectiveness of surge irrigation in hastening :

:e advance is expressed as the advance volume ratio, Vs/Vc, where Vs is the volume ic

Id of water used to advance the wetting front to the end of a field by surging while V c :

Ie is the volume required with a conlinuous stream. This ratio for the curves shown in ;.

~r Fig. 1 is 0.53 and 0.73 for the 26 and 29 L/m slreams, respcclively. Surge was more f

Ir effective in hastening advance wilh the small stream size, while the waler volume i

:e required for full advance was lcss wilh the larger streams. The small, non-erosive I
stream sizes required for highly erodible soils may rcquirc long advance times which !

can result in excessive deep percolation and low efficiencies. As shown in Fig. 1,

small streams, which are less crosive, can sometimes be efficiently advanced by

surging. This is significant bccausc light-textured soils on which surging is most ,

effective are also usually the mosl erosive soils. Thus, longer lengths of irrigation f
runs, which are more efficient for field opcrations with machinery, are somctimcs :

possible by surging small streams that othcrwisc would not reach the ends of long

runs.
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[1. Figure 2. Advance curves for individual surgcs in onc furrow with progressivcly increasing on -times

,d and the average advance curve for continuous now.
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The differences in infiltrated volumes during advance on an elapsed time basis
between continuous and surge irrigation arc illustrated in Fig. 3 (patterncd after ;

Izuno et al., 1985) where a surge cycle includes one "on" (wctting) and one "ofr'
(dewatering) period. This shows that after the first surge cycle, the infiltration rate
is reduced from a time dependent rate to a value which approaches the soil's basic

Continuous and Surge

OJ

-:; - - Continuous~ - Surge
.2 ,,'

T on I Ton 2 Ton 3 Ton 4

Time

Figure 3. Infiltrated volunles during advance. on an elapsed time basis. as reprcsented hy the area
under the curve and within the surge segments for continuous and surge irrigation respec-
tively (compare to Izuno et al.. 1985)

time independent intake rate with lhc rcduclion decreasing with subsequent surges.
Izuno et al. (1985) concluded that the infiltration ratc is reduced in a step drop and
appears not to undergo furthcr rcduclion with subsequent surges; othcr rescarc!tcrs
have reported infiltration reductions at progressively smallcr rates following the first
surge, as shown in Fig. 3 (Blair and Smcrdon, 1987; Musick ct al., 1987; Purkey and

Wallendcr,1988).

The volume of water required to advance the wetting front can often bc reduced by
progressively increasing the cycle time for each subsequent surge after the first. This
compensates for the time required for advance over the previously wetted furrow
sections so that the wetting front advances approximately the same distance with
each surge. Each increasing cycle lime increment, AT, may be constant as shown in
Fig. 2, or variable. Cyclc time, as dcfincd by Bishop ct al. (1981), is thc sum of the
on-time and the off-time. Thcy also dcfincd cyclc ratio as lhc ratio of the on-time to
the cycle time. Schematic cumulative infiltration profilcs for surge flow resulting
from increasing on-times are illustrated in Fig. 4. Thc improvcd infiltration uniform-
ity of surged furrows can bc seen from these profiles compared to the continuous
flow profile also shown in Fig. 4.
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FiJ,'Ure 4. Diagram of cumul,ltivc infiltr;Jtion profilcs for surgc now with incrcasing on-timcs com- i I

parcd to that for continuous now. !
: i

" Models

Computer modcls havc bccn uscd for a numbcr of ycars to simulatc continuous
irrigation in furrow, bordcr, and basin irrigation systcms. Ncw vcrsions of thcsc
modcls havc bccn dcvclopcd to simulatc thc surge now proccss. Thc uniquc fcaturcs
of surgc now such as spatially and tcmporally varying infiltration, !low over a wct-
dry intcrface, simultancous advancc and rcccssion, and surgc cyclc timc and ratios
must bc considcrcd. A discussion of thc various modcls that have bccn dcvclopcd
and rcportcd in thc litcraturc is bcyond thc scopc of this papcr. Howcvcr, thrcc
gcncral typcs havc emcrgcd as bcing satisfactory (Stringham, 1988); i.c., kincmatic
wave (Blair ct al., 1984; Blair and Smcrdon, 1987; Izuno and Podmorc, 1985; Walkcr
and Humphcrys, 1983), zcro-intertia (Purkcy and Wallcnder, 1988; Raye and
Wallcndcr, 1985; Wallcndcr and Raye, 1985), and the hydrodynamic modcl (Walker
and Skogcrboe, 1987). The kincmatic wave modcl has bccome the standard for
simulating surge now in furrows (Stringham, 19&~).

Sensitivity analyses wcre conducted to dctermine the effects of variations in modcl
input parametcrs on prcdicted surge advance and pcrformance (Izuno and Pod-
more, 1985; Stringham, 1988). Those p.aramctcrs which are most important are
infiltration, field lcngth, innow rate, and cyclc on-time. Relativcly large variations in
thcse paramcters rcsult in rclativcly large variations in performancc. Those parame- ri

tcrs which have a relativcly small innucncc are the physical parameters of slope, ,i
furrow roughness, and furrow cross sectional arca and shape factors. Relatively 1!

large variations in thcse paramcters rcsult in rclativcly small variations in system ti
performance. Surge now simulations will bc primarily affccted by the accuracy of the I.:

innow and infiltration input data. tJ
l'
c!
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The Kostiakov and extended Kostiakov infiltration equations I
,

I
Z = kta (1) i

and
I

]
Z = kta + ct (2) I

,
along with variations of these equations are commonly used in the models to ;
characterize infiltration where .

j
z = cumulative intake, liters per meter of furrow length (L/m) 4

1
t = intake opportunity time in minutes (min) I

k = Kostiakov constant (L/mina /m) ~

a = Kostiakov exponent, dimensionless
.

c = basic furrow intake rate, liters per minute per meter (L/min/m) ;

1

Three infiltration conditions under surge flow have been identified as dry, wet, and I

transition (Izuno et al., 1985; Walker and Humpherys, 1983). The dry regime is I
where water advances over dry soil and the intake rate is time dependent; the (
cumulative intake is described by Equation 1. The wet regime occurs during ;
subsequent surges where water flows over previously wetted soil surfaces. The (

intake for this section of the furrow has been reduced by surging and approaches the ]
basic intake rate; the cumulative intake can be represented by the second term of ]
Equation 2. Thc transition regime occurs during subsequent surges when water t
flows over the section of furrow that was partially wetted during the previous surge (
and the infiltration lies between the high time-dependent rate and the surge-lowered (
basic rate. I

j
Walker and Humpherys (1983) introduced a transition infiltration function for this ]

regime in a kinematic wave model while lzuno and Podmorc (1985) used Clcmmens' i
(1981) branch infiltration function to empirically describe surge infiltration in their
step function kinematic wave model. They assumed that there is a step drop in the ,
infiltration rate to the basic rate after one cycle. Blair and Smcrdon (1987) extended «
the kinematic wave model to include cycle time and cycle ratio parameters and j
assumed that infiltration is reduced during each off period but that the amount of t
reduction decreses with each surge. Purkey and Wallender (1988) reported a ]
proportional reduction in infiltration rates between surges and developed a model t
which uses a step function with reduction factors. (

I
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The zero-inertia model is considered the standard method of analysis for continu- i:
, ous flow in borders and basins and mo~e accurately desc~ibes furrow irrigation than i'; other models for nearly flat slopes. This model has been Improved and extended for ;

surge flow simulation (Purkey and Wallender, 1988; Raye and Wallender, 1985; ~

Wallender and Raye, 1985;). I: , I:

Most research modelers have used data from recirculating flowing infiltrometers to :
characterize surge flow infiltration because it is more representative than that from 1 i
static methods. Sever~l types of flowing infiltromet.ers have been used. (Bautista and

! ~Wall ender, 1985; Blair and Smerdon, 1987; Dedrick et al., 1985; Stringham, 1988; f
" Testezlaf et al.,1987; Walker et al.,1982). With good representative infiltration input I ;

data, the computer models that are now available can simulate surge flow for many I i
conditions and are useful in designing and evaluating surge flow systems. They can i !.
be used as a management tool to predict and optimize performance and to provide i :
management alternatives such as cycle times and cutback regimes. j i

I ~, ,.Surge flow systems and equipment 1 !
i i

To efficiently utilize the surge technique, irrigation systems must be automated. ' ,:

Some of the valves and controllcrs commonly used wcre dcscribcd by Humpherys ;
(1986) and Stringham (1988). The most common system is a split-set layout with a
valve constructed in a tee configuration at thc ccnter of a gated pipeline. A surge set
consists of a block of furrows of cqual size on each side of the valve. The valve diverts
flow alternately from side to side. To minimize costs, one valve is commonly used for
each field and is located in the centcr of the ficld. Each subsequent irrigation sct uscs
a different block of furrows on each side of the valve. The pipe gates for the block
of furrows on each side are manually opened and closed for each irrigation set.
Irrigation proceeds set-by-set in sequcnce either starting at the outer ends of the
pipeline and progressing towards the valve or starting at the valve and progressing
toward the outer ends of the pipe. Systems with this configuration have a cyclc ratio
of 0.5. Both water-operatcd and electrically-powercd mcchanical valves are used.
Commercial valves are available with their associated controllers which have various
features and degrees of sophistication. Solar battcry-charging options are available
for most. Some have self-computing capability with fIXed and variable algorithms.
Most valves can be programmcd for a cutback mode to provide reduced stream sizes
in both blocks of furrows simultaneously following advance.

A single furrow valve control systcm (Stringham, 1988) uses individually automated!
outlets, one for each furrow, that are opcratcd simultaneously in groups. The II

j individual valves are operated pncumatically or electrically. Both the cycle ratio and ~ I

time can be varied such that ratios othcr than the 0.5 commonly used are possible. ! I
Multiple groups or blocks of furrows are operated scqucntially in various combina- 'I'
tions to obtain different cycle ratios. This system also has the capability of using short

It cycle times to obtain timc-averaged stream sizes during cutback. l
i

j

i]:
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Surging from concrete-lined ditches can be accomplished if the ditches have
individual furrow outlets. A system of this type was described by Testezlaf et al.

I

(1986). The lined ditch was constructed in a series of level bays with an elevation drop
between each bay and with furrow outlet tubes at the same elevation in each bay. T!.e
bays are operated in pairs with an automated surge gate located between them. The
gate alternately checks the water to irrigate from the upstream bay or bypasses the t
water to irrigate from the downstream bay. Other ditches, which have notched
furrow outlets near the top of the ditch on the discharge side, have been automated
by using a motorized, vertical-axis butterfly gate for surging between two bays.

I

Field experience and results

Furrow

Field experience on many soils has generally shown that a given size stream will often
advance to the end of the ficld by surging in about the same elapsed time as that
required for continuous flow. Thus, with a cycle ratio of 0.5, twice as many furrows
can be wetted during the advance phase with approximately the same volume of
water and time as can be wcttcd by continuous irrigation. Field tests reported by
Bishop et al. (1981) on a silt loam soil used variable cycle time and ratios. The stream
advance under surge flow conditions in non-wheel track furrows was three to four
times faster than continuous flow. These rcsults are more dramatic than those I

reported by most researchcrs. The surge cffects were most pronounccd during the
first irrigation of the season and in nonwhccl track furrows. Anothcr significant
observation reported by Bishop et al. was the rcduced variability in advance rates
under surge irrigation. During the season, over the field, and among replications,
furrow stream advance timcs rangcd from 270 to 3490 min. for continuous flow
compared to 60 to 130 min for surged furrows. This reduction in variability has also
been reported by others (Evans et al., 1987; Izuno et al., 1985; Purkey and Wallender, i1988). '

Typical comparisons between continuous and surged furrows on a silty clay loam,
400 m field length, 60 min. cyclc timc and a 0.5 cycle ratio were reported by Izuno
et al. (1985). The volumc.of water applied during the advancc phase in surged,
nonwheel track furrows was 36% of that rcquired for continuous streams, while that
for surged wheel track furrows was 60% (advance volume ratio, VsjVc = 0.36 and

0.6, respectively). Kemper, et al. (1988) reported variable results from surging on a
silt loam soil for different field conditions. The advance volume ratio, VsjVc, in
wheel and nonwhecl furrows varicd from 0.44 to 1.17 for the various conditions.
Testezlaf et al. (1987) reported that surgc flow caused a one-third to two-thirds

I
reduction in infiltration rates on loam, fine sandy loam, and clay loam soils with the
greatest reduction on the coarser-tcxtured finc sandy loam.

Musick et al. (1987) rcported a 31 % rcduction in the amount ofwatcr applied during I
the season with surge irrigation on com compared to continuous flow and a 24%
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average reduction in cumulative water intake. Thus, deep percolation was signifi- ,

cantly reduced while still satisfying the crop water requirements. Surge reduced
ti.. ! cumulative intak~ by17% during the ~ext four seas~nal irrig~tions following the ~rst. ;

The surge cycle time was 1.5 hours, wIth a cycle ratio of 0.5 wIth 24 hour total set time ~

on a 400 m long field. Tailwater was reduced by surging from 16% for continuous
I :c \ flow to 10.1 % for surge flow. However, the authors pointed out that unless surge flow '.

~s carefully managed, tailwater can be increased because of the reduced furrow
Ii Intake rate. f;

fc
i

I ; I Goldhamer et al. (1986) compared surge to continuous flows on sandy loam, clay l
10aIU, and silty clay soils and reported that the average advance volume ratio for the [:
three cases studied was 0.61. Surging increased the average distribution uniformity* i

for all three soils from 63% to 78%. This resulled in 58% and 80% reduction in deep f
percolation for the clay loam and silty clay soils, respectively. However, average l
cumulative runoff was increased almost three times because the reduced infiltration
rates caused by surging required longer application times to apply a given volume of

I I water. The systems were nol managed to rcduce runoff because runoff was reused. ;

In a Colorado study of surge V5. continuous irrigation, Israeli (1988) reported an [.

irrigation applicalion efficiency of 85% for surge compared to 55% for continuous i'
" . I

Irngatlon. !

I The relationships belween furrow crosion, crop residue, and surge irrigalion were !

studicd by Evans et al. (1987) and Miller el al. (1987) on a sandy loam soil with a slope
of about 3% wilh surged and continuous 1low al differenl residue levcls. Total
elapsed clock times for both furrow slreams to advance to the end of the field were
approximately lhe same at the same residue levels and in1low rales. Thus, since
water was only on for half the time with surged slreams, only about half the water
was used. There was a trend toward highcr scdiment concenlrations in the outflow

I from surged furrows, but the tolal seasonai scdiment discharge was less because
water flowed in surged furrows only half as long as in continuous furrows. Irrigation
performance was better for surgcd furrows with residue because large surged
streams could be used for rapid advance while erosion normally caused by large
streams was kept within tolerable levels by the residue. Increased infiltration caus~d
by the residue was partially offset by the decreased infiltration resulting from

surgIng.

,
I

Avcrage low-quartcr dcpth of water infiltrated :
. Distribution uniformity (DU) = :

j Average dcpth of water infiltrated

The average low-quarter depth is thc average of thc lowcst one-fourth of the measurcd values ofwater
infiltrated where each measured value represents an equal area.

I
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Basins and Borders ,

i
Surge irrigation trials on basins and borders have been very limited (Walker et al.,

I1981). For surge irrigation to reduce infiltration rates, the field surface must be
dewatered between surges. This may require longer cycle times than is feasible in I
some cases, particularly with level basins which have a large surface storage and no I

downslope drainage. Preliminary tests were made in Montana (Westesen and
Biglen, 1986) with 30.5 m wide borders 762 m long on a medium clay loam soil having
a slope of 0.0031. The 76 mm root zone was adequately irrigated for the full field I
length by surging in 60% of the time required for continuous irrigation with the same
stream size. Further study is needed to determine benefits and management criteria
for surge irrigation of basins and borders.

Summary I

Surge irrigation is the intermittent application of water to surface irrigated furrows I
or borders in a series of relatively short on and off time periods. Surge irrigation can I
be managed to achieve a more rapid advance of the wetting front and to control
runoff. Infiltration rate rcduclion by surging is attributed primarily to soil consoli-
dation caused by negative hydraulic gardicnts and surface sealing caused by soil
particle migration, reorientation, and dcposilion. The greatest benefits from surging
during stream advance occur on light-textured, high intake rate soils and during the
first irrigation of the season or following lillage when surface soils are loose.
Computer mod cis have been dcvclopcd lo simulate surge irrigation performance
and with good representalivc input dala, can be used as aids to design and evaluate
surge irrigation systems. The kinematic wave model has evolved as the standard
model. Automalion is needed to fully implement surge irrigation and commercial
equipment is available that can provide management options to increase surface
irrigation efficiencies and optimize labor inputs. Field experience with surge
irrigation has been variable dcpending on field and soil conditions. The volume of
water and supply time to advance furrow streams to the ends of furrows have ranged
from about one-third of that required for conlinuous now to approximately 1.5%
more. Most researchers have reported an increase in distribution uniformity by
surging. Surging combined with residue management has been beneficially used to

Icontrol erosion and runoff.
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